Summary: Cellular characterization of the 91kDa-ectopic ascitic protein that exhibits pregnancy-associated and tumourrelated dynamics has been examined in the human placenta using an electron microscopic immunocolloidal-gold technique. This protein was initially isolated from the ascitic fluids of a patient suffered from ovarian and uterine cancers with mixed mesodermal tumours, and determined to be sharing antigenicity with the 28kDa-oncodevelopmental protein and a calcium-binding protein; MRP8/CFA, respectively. Placentas obtained were divided into three groups by their gestational periods. Small chorionic villous tissues were embedded in Lowicryl K4M resin or Epon 812 resin. Specific and higher labellings by gold-particles were obtained in sections of Lowicryl resin and, then, recognized in mesenchyme-derived cells and/or myeloid lineages; such as placental tissue macrophages (Hofbauer cells), fibroblasts, foetal myelomonocytic cells including endothelial cells, etc., in the first and second trimesters. So far, the pattern of antigenic appearances changed depending on the stage of gestation. On the other hand, 91kDa-protein was also determined in the syncytiotrohpoblast, but not in cytotrophoblasts at whenever been examined. It is assumed that the antigenic expression in syncytiotrophoblasts might be reflected to be absorbed or incorporated from those of foetal or maternal origins, and the antibody used in this study should be sensitive to the antigenic epitope derived from those of myeloid lineages. In the light of these results, hypotheses concerning mechanisms of both transplacental permeability of substances by the placental barrier and cell/tissue differentiation by calcium-binding (and/or -depending) proteins such as 91kDa-protein, MRP8, etc.; presumable the S-100 protein family, are discussed further.
gestational periods. Small chorionic villous tissues were embedded in Lowicryl K4M resin or Epon 812 resin. Specific and higher labellings by gold-particles were obtained in sections of Lowicryl resin and, then, recognized in mesenchyme-derived cells and/or myeloid lineages; such as placental tissue macrophages (Hofbauer cells), fibroblasts, foetal myelomonocytic cells including endothelial cells, etc., in the first and second trimesters. So far, the pattern of antigenic appearances changed depending on the stage of gestation. On the other hand, 91kDa-protein was also determined in the syncytiotrohpoblast, but not in cytotrophoblasts at whenever been examined. It is assumed that the antigenic expression in syncytiotrophoblasts might be reflected to be absorbed or incorporated from those of foetal or maternal origins, and the antibody used in this study should be sensitive to the antigenic epitope derived from those of myeloid lineages. In the light of these results, hypotheses concerning mechanisms of both transplacental permeability of substances by the placental barrier and cell/tissue differentiation by calcium-binding (and/or -depending) proteins such as 91kDa-protein, MRP8, etc.; presumable the S-100 protein family, are discussed further.
In a recent decade, an ectopic pregnancyassociated and tumour-related protein; the 91kDa protein, was isolated as the second-generation antigen from the ascitic fluids of a patient suffered from ovarian and uterine cancers with mixed mesodermal tumours (Kami et al., 1991; Nakai et al., 1991 Nakai et al., , 1992 . Retrospectively, the protein was found to be cross-reactive with the antibody against the first generation protein; 94kDa-3-protein that was originally separated from the human placenta at term, and confirmed to be a candidate of a novel pregnancy-associated and tumour-related protein (Kami et aL, 1991; Nakai et aL, 1981 Nakai et aL, , 1985 Nakai et aL, , 1987a Nakai et aL, , 1987b Nakai et aL, , 1988 Nakai et aL, , 1989 .
And also, on the other hand, 91kDa-protein was confirmed to be shared with antigenicity of the 28kDa protein and MRP8, respectively (Ishikawa, 1993; Kami et al., 1995a; Nakai et al., 1994) , and determined to be identical in part with the sequence of amino acids; a 20-resudue from N-terminal, of MRP8/CFA (Kami et al., 1995b; Nakai et aL, 1994; Dorin et al., 1987; Odink et aL, 1987) . Of the latest analysis, the homology of a 40-amino acid sequence was obtained between 28kDa-protein and MRP8 (unpublished data).
So far, immunohistochemical investigations could be made successful in revealing of the sites of 91kDa-protein and 28kDa-protein in placental tissues and various malignant cells (Kami et al. , 1995b; Morita et aL , 1996; Sato et aL, 1995) . Similarly, the pattern of appearances of these proteins seemed to be stage-specific during the course of gestation (Kami et al., 1992) .
Thus, the antigenic localizations were mainly detected in placental-tissue macrophages (Hofbauer cells), fibroblasts and syncytiotrophoblasts during the first trimester (6-10 weeks of gestation) and plus myelomonocytes in foetal blood vessels during the second (11-20 weeks) trimesters. At term (35-42 weeks), however, each protein was localized only in myeloid lineages, polymorphonuclear leukocytes and endothelial cells.
On the other hand, a new member of the S-100 protein family; the 10kDa protein, from human placenta was purified and characterized as a calciumbinding protein (Emoto et aL, 1992) . Homology of a 90-amino acid sequence of the protein was determined to be shared 37% with MRP8/CFA. Thereafter, antigenic appearances of two members of the superfamily of calcium-dependent proteins; annexins V and VI, were also characterized in similar cell-types of chorionic viii (Rambotti et al., 1993) . Interestingly, these proteins were involved in the nature of calcium-binding activities in human placental tissues. However, little is known about relationships among these proteins.
Recently, however, the discrepancy on preferential sites in the human placenta using an anti-MRP8/MRP14 antibody was unexpectedly emerged in the preceding studies because of ectopic expressions in cytotrophoblasts (Sato et al., 1996 (Sato et al., , 1997a . Therefore, the antigenic localization and genomic expression of MRP8 were examined and, then determined by immunohistochemical and in situ hybridization techniques, respectively (Sato et al., 1997b) .
Nevertheless, an exception with negative expression of antigenic MRP8 in cytotrophoblastic epithelial cells was also re-confirmed. However, by the in situ hybridization technique, the expression of mRNA-related MRP8 was absolutely detected in cytotrophoblastic substructures in the first and second trimesters.
So, the aim of this study is focussed to shed light on the discrepancy that was shown in the earlier studies: thus, it is said whether the antibody of 91kDa-protein would recognize the intracellular antigen of cytotrophoblasts in the human placenta using an immunoelectron microscopical technique.
Materials and Methods

Chemicals:
Biotin-labelled goat anti-rabbit IgG was obtained from Vector Laboratories (Ca., U.S.A.). Streptoavidin D-labelled colloidal gold conjugate (10 nm in diameter) was a product of Biocell Research Laboratories (Cardiff, U.K.). Embedding resins; Epon 812 and Lowicryl K4M, were purchased from TAAB Laboratories (Berkshire, U.K.).
Anti-91kDa protein antibody:
Specific antiserum against the 91kDa protein used in this study was identical with that employed in the preceding study (Kami et aL, 1995b) . In short, it was generated in rabbits and made monospecific withthe same manner as described previously (Kami et al., 1991; Nakai et aL, 1991) . The optimal dilution of the primary antiserum was 1 :200. This functional antibody was found to be specific for labellings using a post-embedding technique at the level of an electron microscope.
Preparation of placental tissues:
Eight human placentas were obtained from healthy pregnant women under regulations of the law and their consents, and divided into three groups by gestational periods; the first (6, 7 and 9 weeks), the second (11, 17 and 20 weeks) and the third (35 and 40 weeks at term) trimesters.
Villous tissues of placentas were cut into smaller pieces and immersed in a mixture of 4% (w/v) paraformaldehyde, 0.5% (v/v) glutaraldehyde, 0.1% (w/v) picric acid and 2.5% (w/v) sucrose in 0.1 M phosphate buffer (pH 7.3) at 4°C for 2 h ( Kami and Stoward, 1991a, 1991b) . Then, they were rinsed overnight in the same buffer containing 0.2 M glycine and 5% (w/v) sucrose.
The halves of tissues were taken through graded ethanol series at -30°C and embedded in Lowicryl K4M resin. Polymerization of the resin was performed under the U.V. light at -30°C for 24 h and then at room temperature for the following 24 h. The rest was dehydrated in ethanol at 4°C, embedded in Epon 812 resin, and then polymerized at 60°C for 24 h. Ultrathin sections were mounted on 200-mesh nickel grids pre-coated with Formbar membrane.
A post-embedding immunocytochemistry technique:
Procedure of the technique was essentially followed by methods of Roth et al. (1978) and Kami and Stoward (1991a, 1991b) . In short, ultrathin sections were subjected for ething resin with 5% (v/v) hydrogen peroxide for 5 min, and then incubated with the diluted primary anti-91kDa protein antibody for 1 h, biotin-labelled goat anti-rabbit IgG diluted at 1 : 200 for 30 min and Streptoavidin Dlabelled colloidal gold conjugate (AG complex) diluted at 1 : 50 for 1 h, respectively.
Following the successive rinses with distilled water, sections were stained with 2% (w/v) uranyl acetate containing 5 mM potassium carbonate and 0.1% (w/v) sodium azide for 10 min, treated with vapoured osmium tetroxide, and examined under a Hitachi H-7000 electron microscope at 50 or 75 kV.
For the control experiments, a diluted preimmune rabbit serum was substituted for the functional antibody. Specific labellings were also examined by omitting the antibody to identify any non-specific adsorption of AG complex onto resins.
Results
Immunoelectron microscopical characterizations of the 91kDa protein resulted in specific labellings over various myeloid cell-components and trophoblastic epithelial cells of human placenta using a post-embedding technique. These labelling patterns were essentially similar to that obtained by the preceding studies performed at the level of a light microscope (Kami et al., 1991 (Kami et al., , 1995b .
In control sections, labellings were reduced to very low background levels. The density of specific labellings in sections of Lowicryl-embedded villi was substantially higher than that obtained in Epon-embedded sections.
Among an early gestational period, the antibody exhibited specific labellingsinthe amorphous stromal matrix of chorionic villi. Gold-particles were distributed in close to collagenous fibers, although neither labellings were detected on the fibers nor their periodical substructures (Figs. 1 and 2) . Particularly, it is noted that the antigenic 91kDa-protein was shown in cytoplasmic vacuoles of mononuclear cells with an oval shape; placental tissuemacrophages (Hofbauer cells), but not in the endoplasmic reticulum (Fig. 3) . Less immunolabellings were, however, obtained in the cytoplasmic matrix of fibroblasts (not shown).
Simultaneously, a number of large vacuoles (ca. 2-3 p,m) located at the apical region of syncytiotrophoblasts also showed to be immunopositive (Figs. 4 and 5) . The appearance of immunopositive vacuoles accompanied with an electron-dense and a crescent shape was characterized in this period of gestation. There was no immunoreactive evidence in endothelial cells, pericytes and cytotrophoblasts examined.
In the course of gestation, during the earlysecond trimester, the protein was revealed within small vesicles (ca. 0.5 Jim) and cisterns of welldeveloped smooth-endoplasmic reticulum; specially adjacent to the membranous envelope, of syncytiotrophoblasts (Figs. 6 and 8) . Depending on the case, however, 91kDa-protein was simultaneously detected in and around rough endoplasmic reficulum of syncytiotrophoblasts (Fig. 7) which were adjacent directly to the Langhans cell via the desmosome. The highest density of labellings was observed in/around 17 weeks; the mid-second trimester.
On the other hand, 91kDa-protein was also determined in the foetal blood vessels including endothelial cells in the late-second trimester. The density of labellings was gradually become higher towards term (Fig. 9) .
In the placenta at term, the protein was exclusively localized in the lumen of blood vessels and endothelial cells (Fig. 10 and 11) . A few labellings were recognized in monocytic and polymorphonuclear leucocytes. Occasionally, pinocytotic incorporations of the protein by endothelial cells were found in the apical part faced to the lumen.
Discussion
In the present study, a post-embedding technique was employed to demonstrate the antigenic site of an ectopic oncodevelopmental protein (91kDa); separated from the malignant ascitic fluid, in human placentas as revealed by immunoelectron microscopical colloidal-gold techniques. This protein is sharing antigenicity with both the 94kDa pregnancyassociated protein obtained from human placentas (Kami et aL, 1991; Nakai et al.; 1991) and the 28kDa tumour-related protein; the third generation antigen, that exhibits high homology of the amino acidsequence with the calcium-binding protein; migration inhibitory factor-related protein 8 (MRP8)/ cystic fibrosis antigen (CFA) (Ishikawa , 1993; Kami et aL, 1995a; Nakai et aL, 1994).
At the level of a light microscope , immunohistochemical expressions of the 91kDa and 28kDa proteins, respectively, were determined in the placenta (Kami et al. , 1992 (Kami et al. , , 1995b . Also , as presented in the preceding study, antigenic appearances of MRP8/MRP14 and genomic expressions of MRP8 were demonstrated in the same organ revealed by immunohistochemical and in situ hybridization techniques, respectively (Sato et aL , 1996 (Sato et aL , , 1997a .
In short, cellular and tissue components revealing antigenicity and genomic expression were common with those obtained from the previous investigations. Thus, it is assumed that they were presumably derived from the mesenchymal origin of the intra and/or extra-embryonic mesoderms; such as placental tissue-macrophages (Hofbauer cells), myelomonocytic blood cells, endothelial cells, pericytes, fibroblasts, etc. , although the expression pattern was characterized depending on the stage of gestation.
However, two discrepancies on the localization of 91kDa-protein, 28kDa-protein and MRP8 were emerged into trophoblastic epithelial cells. The first question arised from the difference of expressions in syncytiotrophoblasts depending on techniques of immunohistochemistry and in situ hybridization. Because, the expression of antigenic 91kDa-protein and 28kDa-protein was detected in syncytiotrophoblasts, but not by MRP8/MRP14 immunohistochemistry. Secondly, on the contrary, the difference found in the cytotrophoblasts was completely opposite to those obtained by syncytiotrophoblasts. Because, genomic expression of MRP8-related mRNA was detected in the trophoblasts but not by immunomicroscopical techniques.
Contextually, therefore, two distinct hypotheses are possible as below: the cytotrophoblast would be responsible for the biosynthesis of 91kDa-protein, 28kDa-protein and MRP8, and these proteins sharing antigenicity should play key-roles as a molecule on special references to calcium-dependent cell and tissue differentiation and/or activity as the gene superfamily; probable the S-100 protein family (Kligman and Hilt, 1988) , in the placenta during early gestation.
So, the aim of this study is chiefly focussed in order to dissolve the former hypothesis rather the molecular interests. As results, placentas obtained were divided into three groups by their gestational periods; the first (6, 7 and 9 weeks), second (11, 17 and 20 weeks) and third (35 and 40 weeks at term) trimesters. In the technical interests, specific and higher labellings were obtained in the Lowicrylembedded villous tissue rather than those of Epon 812-embedded sections. Also, for evaluating findings obtained, neither immunopositive labellings or nonspecific adsorptions of gold-particles onto sections were confirmed when the functional antibody was replaced with a pre-immune rabbit serum or omitted.
Antigenic expressions were characterized in various tissue substructures of the placenta. Coincidentally, the labelling pattern of colloidal-gold particles were essentially similar with those demonstrated by the preceding study employing a preembedding immunoperoxidase technique (Morita et al., 1996) .
In short, immunopositive gold particles were observed in syncytiotrophoblasts, stromal tissue macrophages (Hofbauer cells) and fibroblasts, and also in blood vessels including myelomonocytic cells and endothelial cells. So far, no cytoplasmic localization in cytotrophoblasts was, however, recognized with any antigenic expression of the 91kDa protein, although occasional labellings were revealed in the cytoplasmic matrix nearly close to free ribosomes and/or rough-endoplasmic reticulum of syncytiotrophoblasts which were adjacent directly to cytotrophoblasts via desmosomes.
On the other hand, a preliminary immunohistochemical investigation using an anti-MRP8/MRP14 antibody showed that the antigen was rarely detected in cytotrophoblasts (Sato et al., 1996 (Sato et al., , 1997a , although no MRP8 was revealed in situ (Sato et al., 1997b) . However, these studies also confirmed that the expression for MRP8-related mRNA should be undoubtedly characterized in cytotrophoblastic epithelia during the first and second trimesters. In the course of gestation, these appearances become hardly detectable, although the myeloid lineages in foetal capillaries gradually increased numbers and reactivities towards late-second trimester and at term.
Based on these findings, one might realize that higher immunolabellings of the 91kDa protein obtamed in this study should be shared antigenicity with MRP8. However, the cause of discrepancy between expressions of the antigen and MRP8-related mRNA is still unclear. It should be hypothesized that the antibody employed in this study might only be sensitive to MRP8-antigen separatedfrom myeloid cell lineages (Murao, 1994) .
Also, during placentation prior to the cornpletion of the placental barrier, some might persuade that the placental-tissue macrophage; Hofbauer cell, should play important roles as a mediator of calcium-dependent tissue metabolisms as those of transplacental exchange of substances, the formation of basement membrane and the placental barrier, migration and differentiation of progenitor cells, arrangement of villous skeleton, etc.
In previous studies obtained from the immature placentas of diabetic women; clinically classified as White's Class A, veryabundant osmophilic granules were seen in various cell/tissue components (Kami, 1985; Kami and Mitsui, 1984) . These may have been suggested that the crossplacental transportation of substances should occur as similar as those observed until the gestational period is completed. However, little is known about biochemical and physiological functions of the protein family; the 91kDa protein, the 28kDa protein and MRP8.
So, further studies are needed in order to shed light on questions and above-mentioned hypotheses by revealing the definite expressions of MRP8 and/ or MRP14, respectively, using in situ hybridization techniques including polymerase chain reaction. Simultaneously, it should be dissolved about whether the 91kDa protein sharing antigenicity with the 28kDa protein and MRP8 might be involved in the S-100 protein family and played important roles of calcium-binding activities (Emoto et Figs. 7 and 8. Demonstration of the protein in around rough-endoplasmic reticulum (er in Fig. 7 ) and a cistern of smooth-endoplasmic reticulum (in Fig. 8 ). Figs. 10 and 11. Demonstration of the protein in the foetal capillary. Specific labellings of gold-particles are seen in lumen of the blood vessel (lu) and invasinations of the endothelial cell (arrows in Fig. 11 ). 
